The effect of digitalis in patients with sinoatrial node dysfunction was studied. Atrial pacing studies were performed while His bundle -electrograms were recorded in fourteen patients with sinus bradyeardia, syncope, or related symptoms. Measurements were repeated after 0.01 mg/kg ouabain, followed in some by 1 mg atropine. Ouabain produced a significant shortening of sinoatrial recovery time, but no significant change in heart rate. Atropine normalized sinoatrial recovery times in most patients. This study demonstrates that digitalis causes an increase in automaticity in the sick sinus syndrome as reflected by a shortened sinoatrial recovery time. 
also useful in the management of coexisting heart failure in SSS.5 14 The purpose of this study was to assess the effects of digitalis on heart rate (HR), sinoatrial node automaticity, and atrioventricular (A-V) conduction in SSS. Methods Fourteen patients with sinus bradycardia, syncope or related symptoms such as episodic lightheadedness were studied without premedication in the postabsorptive state. They represented patients thought to manifest SSS unrelated to drug therapy in a series of 66 patients evaluated for syncope or related symptoms. Thirty of the 66 patients had a heart rate <60 beats/ min. No patient received cardioactive medications during the week prior to study. Informed written consent was obtained from all patients. Only one patient (#10) had an A-V conduction disturbance at rest-a P-R interval prolongation to 0.22 seconds. Atrial pacing was performed from a catheter advanced via the right basilic vein and positioned at the lateral wall of the high right atrium. Rectangular stimuli 2 msec in duration at 1Y2 diastolic threshold were delivered from a Medtronics (5837) R-wave coupled pulse generator.
Sinoatrial recovery times (SART) were recorded after abrupt termination of rapid atrial pacing at rates from 100-160 beats/min.15 SART was measured from the last paced P wave to the next spontaneous P wave or junctional beat. SART 1 ). The mean change in HR was -1.0 beats/min, P > 0.2. Atropine accelerated the HR above 60 beats/min in 7 of 9 patients whose HR following ouabain administration was < 60 beats/min. The mean increase in HR after atropine was +17.7 beats/min, P < 0.001, an increase of 32%.
In general, ouabain shortened the SART (mean -426 msec, P <0.005) and the CRT (mean -440 msec, P < 0.005). The SART was reduced to 1250 msec or less in 4 patients. A further reduction in SART (mean -738 msec, P<0.01) and in CRT (mean -491 msec, P < 0.05) was noted after atropine. Atropine caused a reduction of the SART to < 1250 msec in 7 of 12 patients (58%) and reduction of the CRT to < 400 msec in 4 of 8 patients (50%) whose CRT following ouabain administration was > 400 msec. Figures 2 and 3 illustrate the changes in SART induced by ouabain and atropine.
A shortened SART after ouabain was associated with recovery from a new focus in two patients. Figure 1 The mean difference between control heart rates anld those obtained following ouabain adminlistration to 14 patients is shown, as wsell as the mean difference between postouabain heart rates angd the heart rates after subsequent administration of atropine to 12 patients. SED = standard error of the difference. is unclear. However, overdrive suppression probably helps to define a critical feature of SSS; i.e., the inability of sinus pacemakers to depolarize after suppression by spontaneous tachyarrhythmias. The significant abbreviation of SART and CRT suggests that digitalis will not accentuate the likelihood of posttachyeardia asystole in SSS. Digitalis does not cause a significant diminution of heart rate in SSS and therefore symptoms related to bradycardia per se will not be accentuated. 26 Recent observations of hypertension induced by ouabain27 suggest that sympathetic influences might be important in the shortening of SART after ouabain. This would seem unlikely because the hypertension has been shown to be due to a direct smooth muscle effect producing systemic arteriolar constriction, and shortening of SART occurred maximally at the 25-30 minute interval after ouabain.
An alternate explanation for abbreviation of SARTs after ouabain is prolongation of conduction of the pacing stimulus into the sinus node; i.e., block at the sinoatrial junction. Atrial pacing in the presence of a ouabain induced prolongation of sinoatrial conduction might lead to sinoatrial node entrance block and a less frequent discharge of the sinus node.28 This might result in less overdrive suppression and shorter SARTs after ouabain. Preliminary data from our laboratory using the atrial extra stimulus method during spontaneous rhythm suggests that SSS patients with normal A-V node conduction do not have abnormalities of sinoatrial conduction. However, even if prolonged atrial to sinus conduction were the explanation for shortening of SARTs after ouabain, this does not deter from the usefulness of the SART as a reflection of the response to spontaneous tachyarrhythmias in SSS.
An altered hemodynamic response to rapid atrial pacing or a change in the temporal relationship between atrial and ventricular contraction after ouabain administration might relate to the abbreviation of SART seen. The role of possible hemodynamic alterations will require further investigation.
Many patients with SSS also demonstrate defective A-V conduction. 21 24,29 Patients with incomplete A-V block with dropped beats noted on resting electrocardiograms were not included in this study. However, slight abnormalities of A-V conduction could be elicited by atrial pacing in onethird of the patients studied. Digitalis would appear to be contraindicated in SSS in the presence of significant A-V conduction disease as manifested by P-R interval prolongation or dropped beats on a resting electrocardiogram. However, although ouabain depressed A-V conduction in all but one of our patients, none developed Wenckebach phenomenon during spontaneous rhythm. This finding is not unexpected if one postulates both increased parasympathetic and decreased sympathetic influence in SSS. The effect of digitalis on A-V conduction is abolished by chronic total cardiac denervation.30 Thus the preexistent state of autonomic tone could once again explain the blunted vagomimetic and sympatholytic response of A-V conduction to digitalis in these patients.
